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Introduction 

• Maternal smoking is responsible for a 
number of poor pregnancy outcomes 

- spontaneous abortion 

- placenta previa and abruption 

- low birth weight 

- sids 

- childhood learning problems 

- probable increased risk of smoking in offspring 


Introduction (continued) 

• These risks are dose-related to maternal 
smoking—suggesting that reduction in 
smoking is beneficial 

• Since reducing fetal tobacco exposure is 
important, research on biomarkers is needed 

- to more accurately assess tobacco reduction during 
pregnancy in behavioral intervention and PREP studies 

- understand mechanisms by which tobacco adversely 
affects fetal outcomes 
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Purpose of this talk 

■ Discuss various biomarkers that can be used 
to assess tobacco reduction in pregnancy 

- review studies that have used biomarkers to 
predict birth weight 

• Discuss some of the physiological effects of 
smoking or nicotine on measures of fetal 
well being 

■ Discuss sources of biomarkers 


Birth weight 

• Smoking doubles the risk of having a low 
birth weight infant (<2500 grams) w.bh, iw 

• Women who quit smoking during 
pregnancy have infants 241 grams heavier 
than continued smokers i.um 

• Maternal smoking causes 14,000 to 26,000 

NICU admissions/yr, and LBW is a major 
cause of perinatal death in US ira 


What causes low birth weight ? 

• major components of tobacco smoke are 
carbon monoxide, nicotine, but also 
includes lead, arsenic and other toxins 

• animal research suggests that either co or 
nicotine can decrease birth weight, but co 
has more deleterious effects 

• human research suggests that nicotine 
per se does not decrease birth weight 

(Wisborg. 2000) 
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Nicotine patches for pregnant 
smokers (Wisba^.lOUO) 

• 250 pregnant smokers who smoked 10 
cigarettes/day after 1st trimester 
randomized to NP or placebo (11 weeks) 

• Overall 26% quit smoking and 14% 
remained abstinent at one year; however 
there was no overall advantage of the patch 

■ Compliance low in both groups. Median 
patches used 14 (range 0-77) in NP groups 
and 7 (range 0-77) in placebo group. 


Smoking status and cotinine 


levels (Wisborg ct al, 2000) 



% Abstinent Cigs/day 

Cotinine 


NP/Placebo NP/Placebo 

NP/Placebo 

1” visit 

0/0 13.4/14.2 

231/226 

2"“ visit 

37/29 6.7/7.2 

153/174 

3"* visit 

32/26 7.0/6.4 

121/153 

4*' visit 

28/25 7.2/7,0 

120/153 


Birth weight 

• Mean birth weight was 186 g (95% Cl 
35,336 g) higher in the NP vs placebo 

• Birth weight was 244 g (95% Cl 7,481), 
345 g (95% Cl 38,651 g) and 494 (95% Cl 
107, 882 g) higher in NP compared to 
placebo for 2, 4, and 9 weeks respectively. 
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Conclusions from this study 

• Nicotine patch treatment increased birth 
weight likely due to reduced tobacco 
exposure. Thus, nicotine itself may be 
useful in reducing overall tobacco exposure 

• an independent positive effect of nicotine 
on birth weight can’t be excluded 

- nicaine inNbics production of ihromboxacK, which causes 
vasoconsriction and platelet ag^e^ation, posable explanation 


What can we learn from the 
biomarkers used in this study ? 

• cotinine concentrations were similar 
between groups, suggesting that nicotine 
per se does not have detrimental effects on 
birth weight 

• cotinine is not a good measure of tobacco 
reduction in trials utilizing NRT 


Correlation of biomarkers with 
birth weight 

• Carbon monoxide exposure is known to 
decrease birth weight in animal studies 

• exhaled carbon monoxide may be a useful 
biomarker for tobacco exposure and predict 
birth weight 
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Smoking cessation counseling in 
pregnancy study (MaktMidi Lt &1. unpibliNhcd dcLa) 

• Randomized trial of a behavioral 
inter\'enlion for Smoking cessation during 
pregnancy (n= 142) 

• Birth weight was significantly correlated 
with smoking status and exhaled co during 
the last trimester, but not at study entry 

• exhaled co appeared to be a better predictor 
of birth weight than self-reported cigarettes 
per day 


Exhaled carbon monoxide and 

birth weight (Selker-Walkereul.. mT) 

• trial of 350 subjects evaluated the 
relationship between exhaled co in 3rd 
trimester and birth weight 

• correlation of birth weight and exhaled co at 
36 weeks was -.32, and with cigarettes per 
day was -.28. 

• A level of < 4 ppm was associated with 
reduced birth weight 


Exhaled carbon monoxide and 
birth weight 

• carbon monoxide in exhaled air- the levels 
predict birth weight; although, belter 
markers are needed. 

■ May be because exhaled co is not as good at 
lower levels of smoking 

• The level of exhaled co that predicts birth 
weight appears to be lower than traditional 
cut-off values for smoking status 
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Biomarkers of tobacco exposure 
in pregnancy 

Biomarkcr 

Birih weight 

Advantages 

Disadvantages 

Cotinine 

Yes 

easy to obtain 

not useful in 

I'tRT trials 

Exhaled co 

Yes 

cheap, easy 

light smoking 

Urinary 

alkaloids 

NO 

easy, 

good at lower 
levels 

expensive 

Thiocyanate 

NO 

easy 

specificity 


Physiological effects of smoking 
and nicotine 

• Many studies have evaluated the acute 
physiological effects of smoking or nicotine 
on the following measures 

— indirect measurements of vascular resistance 
(usually with doppler) 

- measures of fetal well being (fetal breaihii^ 
movements, fetal heart rale and variability! 


Study of nicotine gum for short¬ 
term smoking cessation (Oncken, 11^96! 

• Multiple gum use in pregnancy study 

• between subjects design 

• compared the effects of nicotine gum use 
versus a wail-lit control group on 

- nicotine and cotinine concentrations 

— maternal and fetal hemodynamics 
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Pitfalls of physiological measures 

• Highly variable when studied in acute 
setting 

• gestational dependent and really most 
reliable in the third trimester 

• some tests may be more useful as serial 
measurements in longer term studies 
(doppler measurements, us for growth) 

• some measurements my be useful as safety 
measures 


Sources of biomarkers of fetal 
effects of tobacco 

• Maternal sources (saliva, exhaled co, blood, 
urine) 

• Cord blood 

• fetal urine (first day of life) 

• amniotic fluid 

• placental pathology 


Metabolites of a tobacco-specific 

carcinogen in the urine (Gerdetal, 1999) 

• One of the potential negative effects of 
smoking during pregnancy is exposure of 
the fetus to carcinogens 

• Study where first voided urine was 
collected in 31 infants prenatally exposed to 
tobacco smoke vs 17 controls. Urine was 
collected and analyzed for two metabolites 
ofNNK, 

- 4-(inethyljiitr08ainino)-l-(3-pyridyl)<bL4anol (NT4AL) 

- and its sluccronide (NN AL^Iuc). 
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Results 


• NNAL-Gluc was detected in 22 (71 %) of 31 
urine samples of exposed infants; NNAL 
was detected in four of these samples. 

• Levels of NNAL plus NNAL-Gluc 
correlated with levels of cotinine 
(r=.56;p=001) and nicotine (r=.68;p<.001) 


Conclusions 

♦ Tobacco carcinogens may be a useful 
marker to assess feta! in utero tobacco 
exposure. 

• Type of biomarker that one might use in an 
epidemiological study of childhood cancers. 


Summary 

• Maternal smoking causes a number of poor 
pregnancy outcomes 

• The most reliable outcome that can assess 
tobacco exposure/reduction in pregnancy 
appears to be birth weight 

• biomarkers can be used as surrogate 
markers of harm reduction in studies in 
pregnancy 
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Summary (continued) 

• There are known physiological effects of 
smoking and nicotine on measures of fetal 
well being, but current research has not 
related these to clinical outcomes 

• Many sources exist for potential biomarkers 
of fetal tobacco exposure and it’s effects 


Future Directions 

* Evaluation of biomarkers in pregnancy to 
better assess tobacco exposure reduction 

• studies linking biomarkers to birth weight 
and other adverse pregnancy outcomes 

■ evaluation of biomarkers that provide 
insight into mechanisms by which smoking 
can adversely affect outcomes 
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New Nicotine Delivery Devices— 
Assessment Using Biomarkers 
Jack E. Henningfield, PhD 

Notes: 
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